Background-Asthma is a leading cause of chronic disease-related school absenteeism. Little data exist on how information on absenteeism might be used to identify children for interventions to improve asthma control. This study investigated how asthma-related absenteeism was associated with asthma control, exacerbations, and associated modifiable risk factors using a sample of children from 35 states and the District of Columbia.
INTRODUCTION
Asthma is a common chronic disease of childhood, affecting one in 12 U.S. children. 1, 2 Childhood asthma is a leading cause of chronic disease-related school absenteeism in the U.S., associated with >10 million missed school days annually. 3 Asthma-related school absenteeism affects most (59%) children with asthma and is linked to lower academic performance, especially among urban minority youth. 1, [4] [5] [6] [7] [8] [9] Most literature on asthma-related absenteeism and its consequences focuses on differences between children with and without asthma. 7, 8, [10] [11] [12] [13] [14] [15] [16] Less is known about how absenteeism might be a useful health status indicator among children with asthma. 14, 16, 17 Asthma-related school absenteeism can result from asthma exacerbations, lack of asthma control, or routine clinic visits. 3, [18] [19] [20] [21] Some studies reported associations between absenteeism and secondhand smoke exposure among children with asthma. 16, 22, 23 Other modifiable factors affecting asthma control (e.g., home environment, health care access) might be related to school absenteeism, but this possibility is unexplored. 16 Given the range of possibilities that can contribute to school absences, the utility of absenteeism for assessing asthma morbidity is not well-described. 16 If the implications of asthma-related absenteeism were better understood, this information could be useful to public health officials, educators, policy makers, investigators, and others considering whom to include in school-based efforts to improve asthma control. [24] [25] [26] Therefore, this study examined how asthma-related school absenteeism was associated with asthma control, asthma exacerbations, and associated modifiable risk factors using a sample of children from 35 states and the District of Columbia with data from 2006-2010.
METHODS Asthma Call-back Survey
Data were analyzed from the 2006-2010 Behavioral Risk Factor Surveillance System (BRFSS) Child Asthma Call-back Survey (ACBS). 27, 28 BRFSS is an ongoing, state-based, random-digit-dialed telephone survey of non-institutionalized U.S. adults. 27 Before 2011, BRFSS interviews were conducted via landline telephone. 27 BRFSS respondents reporting a child with a diagnosis of asthma (ever) were eligible to participate in the Child ACBS; the child in the household was randomly selected and then asthma status was assessed. 28 The Child ACBS is conducted approximately two weeks after the BRFSS telephone interview and is designed to assess the health and experiences of children with asthma. 28 Informed consent is obtained and an adult family member serves as a proxy respondent for the child. 28 Only one child per household could participate in the Child ACBS. 28 To obtain a sufficiently large sample to produce stable estimates, Child ACBS data were combined from 2006-2010. 28 Data were weighted to represent children aged 0-17 years with asthma from 35 states and the District of Columbia (i.e., U.S. areas from which Child ACBS data were available from 2006-2010). 29 The weighting procedure accounted for states where data were not collected in all years; partial-year data from states were excluded. 29 More information on participating states, weight calculations, and response rates is located online and in prior publications. [29] [30] [31] Studies based on ACBS data are exempt from IRB review at the CDC. State-specific IRB requirements apply to each participating state and the District of Columbia.
Study Sample
This study was limited to children with current asthma attending school within the past 12 months (Figure 1 ). Identical to previous publications of ACBS data, children were classified with current asthma if adult proxies responded "yes" to two questions: "Have you ever been told by a doctor, nurse, or other health professional that the child had asthma?" and "Does the child still have asthma?" [30] [31] [32] Children were categorized as attending school within the past 12 months if the answer was "yes" to the question "Has the child gone to school in the past 12 months?"
Measures
Characteristics presented here include child age group (at time of interview), sex, race/ ethnicity, U.S. census region, child's health insurance, annual household income, and asthma medication use in the past three months. Asthma medication use was classified into four categories: none, short-acting β agonists (SABAs), ≥1 asthma controller medication (inhaled corticosteroids, long-acting β agonists, leukotriene modifiers, methylxanthines, cromolyn, nedocromil, or immunomodulators), and oral corticosteroid only (without SABA or asthma controller medication[s]).
Because school absenteeism data were right-skewed, children were categorized using the questionnaire item "During the past 12 months, about how many days of school did [he/she] miss because of [his/her] asthma?" Children with responses indicating one or more days missed were classified as having missed ≥1 day of school because of asthma in the past 12 months (hereafter referred to as "missed [any] school for asthma" or "with asthma-related school absenteeism"). Children whose adult proxies answered "zero" were considered to have missed no school for asthma (i.e., no asthma-related absenteeism).
A dependent variable was created to measure asthma control using previously published methods 30, 31 which were adapted from the 2007 National Asthma Education and Prevention Program Guidelines for the Diagnosis and Management of Asthma (EPR-3) and account for the ACBS design. 18, 30, 31 Specifically, three impairment measures were assessed: daytime symptoms, night-time symptoms, and SABA use (other than for preventing exercise-induced bronchospasm) during the past three months. Asthma control was defined using the highest impairment level identified for each child across these three measures. 30, 31 Children were categorized as having well controlled asthma or "uncontrolled asthma" (i.e., children with asthma classified as not well controlled or very poorly controlled). 18, 30, 31 Additionally, using data on asthma control and controller medication use, asthma severity was measured according to previously published methods consistent with EPR-3 guidelines. 18, 31 Briefly, children whose asthma was well controlled without asthma controller medication use in the past three months were categorized as having intermittent asthma. Persistent asthma included all children reported to use asthma controller medication (regardless of asthma control status) and children not reported to use asthma controller medication but classified with uncontrolled asthma. 31 More information on defining asthma control and severity using ACBS data is available in prior publications. 30, 31 Occurrence of asthma exacerbations was assessed using responses to four questionnaire items: "During the past 12 months, has the child had an episode of asthma or an asthma attack?"; "During the past 12 months, has the child had to visit an emergency room or urgent care center because of [his/her] asthma?"; "Besides those emergency room or urgent care center visits, during the past 12 months, how many times did the child see a doctor or other health professional for urgent treatment of worsening asthma symptoms or an asthma episode or attack?"; and "During the past 12 months, that is since [one year ago today], has the child had to stay overnight in a hospital because of [his/her] asthma?" These four variables were combined for the composite variable "acute health care encounters for asthma."
Cost as a barrier to health care was investigated using questionnaire responses concerning inability to buy medication, see a primary care physician, or see a specialist for asthma in the past 12 months.
School environmental factors were assessed through four questionnaire items: "Does the child have a written asthma action plan or asthma management plan on file at school?" (hereafter referred to as "school AAP"); "Does the school the child goes to allow children with asthma to carry their medication with them while at school?"; "Are there any pets such as dogs, cats, hamsters, birds or other feathered or furry pets in the child's classroom?"; and "Are you aware of any mold problems in the child's school?" Home environment variables were related to secondhand smoke, pets allowed in children's bedrooms, reports of seeing or smelling mold in the home in the past 30 days, and report of seeing cockroaches, mice, or rats inside the home in the past 30 days.
As in previous analyses, uninformative responses (i.e., don't know, missing, refused) were considered negative responses (i.e., not having the relevant outcome). 33 
Statistical Analysis
ACBS sampling weights were used to calculate population estimates representative of 35 states and the District of Columbia -i.e., areas with available Child ACBS data from 2006-2010. These sampling weights accounted for BRFSS and ACBS nonresponse and unequal sampling probabilities, as well as differences across states in the number of participating years during 2006-2010. 30, 31, 34 To properly account for the complex sample survey design, 33, 35 the entire dataset (N = 14,585 children ever diagnosed with asthma) was retained in the final analyses; only results generated from the stratum of the selected population of 8,881 children with current asthma attending school within the past 12 months (Figure 1 ) are presented. 35 The χ 2 test was used to compare children with asthma-related school absenteeism to those without asthma-related absenteeism, among all children with current asthma. Variance under the sampling conditions (i.e., sampling with replacement) was estimated with the Taylor series method. 33, 36 For multivariate analyses, ORs, prevalence ratios (PRs; predicted marginal risk ratios) 30, 37 , and 95% CIs were calculated for associations between asthmarelated school absenteeism and all dependent variables; these were adjusted for child age group, race/ethnicity, asthma medication use, and annual household income. Because many dependent variables were common (>10% prevalence in this study population) 38 , ORs were larger than PRs; therefore, this study highlights findings from PRs.
Complex sample survey procedures were used to perform χ 2 testing and logistic regression in SAS version 9.3 (SAS Institute Inc., Cary, NC); 39, 40 PRs were calculated using SAScallable SUDAAN (version 10.0.0, RTI International, NC). 41 Statistical significance was determined as a P value <0.05. Results based on <50 unweighted respondents (i.e., percentages based upon a denominator <50) or for which the relative standard error (standard error/prevalence estimate; a measure of an estimate's reliability) was >0.3 were suppressed. 30, 31, 42 Three distinct sensitivity analyses were conducted: dichotomization of asthma-related absenteeism using a greater number of school days missed (≥5 versus ≤4); controlling for asthma severity instead of asthma medication use (except for outcome asthma control, because the definition of asthma severity included asthma control); and excluding uninformative responses.
RESULTS
In this study, 8,881 unique children who had current asthma and attended school in the past 12 months were identified (Figure 1 ). Because sampling weights were incorporated into these analyses, this study population represents approximately 4.3 million children.
Approximately half of children in school with current asthma missed at least one school day because of asthma in the past 12 months (51%; 95% CI: 48.2-53.0; Table 1 ). The percentage of children who missed ≥1 school day for asthma varied significantly by geographic region (P = .004). These children were more likely to have Medicaid/Medicare insurance than children who did not miss school for asthma (20.9% vs. 16.3%), but differences in health insurance type by absenteeism status did not reach statistical significance (P = .05). Annual household incomes <$25,000 were more common among children who missed school for asthma (29.3% vs.19.6%). Children with asthma-related absenteeism were more likely to be black or Hispanic than children who missed no school for asthma. In contrast, children without asthma-related absenteeism were more likely to be non-Hispanic white. Also, children who missed school for asthma were more likely to use asthma controller medication than children who missed no school for asthma (51.3% vs. 35.7%). Regarding asthma severity, persistent asthma was more common among children with asthma-related absenteeism than children without asthma-related absenteeism (69.5% vs. 47.8%, P < .001). Table 2 shows differences in asthma clinical measures by asthma-related absenteeism, including results of multivariate analyses. Children who missed school for asthma were more likely to have uncontrolled asthma than children who did not miss school (PR: 1.50; 95% CI: 1.34-1.69). Children who missed any school because of asthma were more likely to report asthma episodes or attacks (PR: 1.50; 95% CI: 1.34-1.69) and to have sought health care for urgent or emergency treatment of asthma (PR: 3.27; 95% CI: 2.44-4.38). Overall, asthma-related hospitalizations were uncommon and reported for only 5.2% of children with asthma-related absenteeism and 1.8% of children without asthma-related absenteeism (PR: 1.72; 95% CI: 0.86-3.42). The composite variable of acute health care encounters for asthma (i.e., emergency department visits, urgent care center visits, other urgent visits, and hospitalizations) was also more frequent among children with than without asthma-related absenteeism (61.3% vs. 21.6%; PR: 2.41; 95% CI: 2.10-2.78). Similarly significant results for asthma-related absenteeism and clinical measures resulted from the multivariate logistic regression model.
In Table 3 , missed school for asthma was associated with inability to see a primary care doctor for asthma (PR: 2.00; 95% CI: 1.26-3.19), see a specialist for asthma (PR: 2.97; 95% CI: 1.68-5.24), and buy medication for asthma (PR: 1.82; 95% CI: 1.23-2.71). Mold in the home in the past 30 days was more common among children who missed school for asthma, compared to those who did not (PR: 1.83; 95% CI: 1.36-2.47).
Sensitivity analysis results were similar to the main results, with several exceptions. Asthmarelated absenteeism of ≥5 days (Tables S1 and S2) was associated with asthma-related hospitalizations and classroom pets, but not school AAPs. After controlling for asthma severity instead of asthma medication use (Tables S1 and S2 ), school AAPs were no longer associated with asthma-related absenteeism of ≥1 day. Compared to the main analysis, excluding uninformative responses revealed significant associations between asthma-related hospitalizations (PR: 3.37; 95% CI: 1.56-7.32) and mold problems in school (PR: 1.55; 95% CI: 1.02-2.35), but not school AAPs (PR: 1.09; 95% CI: 0.98-1.22).
DISCUSSION
In a survey of children in school with current asthma from 35 U.S. states and the District of Columbia, over half of children missed at least one school day because of asthma in the past 12 months. Even after controlling for potential confounding variables, missing any school for asthma was associated with uncontrolled asthma, asthma episodes/attacks, urgent/ emergent health care utilization for asthma, cost as a barrier to asthma-related health care, and reported signs of mold in the home. This analysis identified new or newly quantified associations between asthma-related school absenteeism, clinical measures, and potentially modifiable factors that are representative of >4 million children with current asthma. Given the large population of children this study's sample represented and the high frequency of absenteeism, even small percentages experiencing absenteeism with modifiable risk factor (e.g., 5.5% of children with asthmarelated absenteeism were unable to see a primary care doctor for asthma because of cost) reflect a substantial number of children affected in these areas.
These results suggested even one missed school day because of asthma could provide useful information. For public health officials, educators, policy makers, investigators, or others working with schools, asthma-related absenteeism might enhance the identification of children whose asthma control could be improved through intensified clinical, environmental, or case management services. 24, 25, [43] [44] [45] For clinicians, parent, guardian, or caregiver reporting of asthma-related school absenteeism might prove useful for identifying children with asthma who could benefit from an assessment of their need for home mold remediation, case management, or additional interventions recommended by the EPR-3 guidelines. 18 As the importance of prevention and health care-public health collaboration is increasingly emphasized in the U.S. 46 , these findings highlight opportunities to improve asthma control in children using school absenteeism information. Studies of asthma prevalence and communicable diseases (e.g., influenza, dengue) have suggested school absenteeism data are timely, relatively inexpensive, and complementary to existing methods. 11, 12, 47, 48 Additionally, this investigation could inform future studies of school absenteeism as a health indicator for other child health concerns such as diabetes or substance abuse. 17, [49] [50] [51] [52] These findings support prior literature. The frequency with which children with asthma missed school in this study was similar to prior estimates. 3 School absenteeism is a known consequence of asthma exacerbations and lack of asthma control, and environmental mold is known to affect asthma control. 53, 54 Although asthma-related school absenteeism was associated with uncontrolled asthma, it was also associated with asthma controller medication use. These results do not support the hypothesis that asthma-related school absenteeism is related to lower use of asthma controller medication. This investigation is not the first to identify a positive relationship between school absenteeism and asthma medication use; similar findings were reported from the 2007 California Health Interview Survey. 55 This study's cross-sectional survey design affects interpretation of results. Medication adherence, medication regimen appropriateness, or proper inhaler technique could not be ascertained. Alternatively, children with asthma episodes/attacks severe enough to cause school absenteeism could have then received a higher level of routine management involving asthma controller medication. 18 Unlike prior literature 56, 57 , this investigation did not find significant associations between factors affecting school indoor quality and school absenteeism; this difference might be attributable to the low frequency of classroom pets and school mold problems (as reported by children's adult proxies) in the data.
Limitations
These survey data were cross-sectional; therefore temporal proximity between asthmarelated absenteeism and other variables could not be determined. Absenteeism rates could not be calculated because data on total number of attended school days were unavailable. These findings cannot be generalized to children in the 15 states not included in this dataset or children without household access to landline telephones; interview responses were provided by children's adult proxies and could not be verified. Non-response bias was possible because survey response rates for participating states were approximately 50%, but sampling and weighting procedures helped diminish the potential impact on results. 30, 34 Finally, the content of the ACBS questionnaire circumscribed the ability to investigate other potential contributors to school absenteeism. 16, 58 
Conclusion
This study analyzed data on children with current asthma from 35 U.S. states and the District of Columbia and found approximately half of children missed at least one school day because of asthma. Missing even one day of school for asthma over a 12-month period was associated with uncontrolled asthma, asthma episodes/attacks, asthma-related urgent/ emergent health care utilization, reported signs of mold in the home, and reporting cost as a barrier to asthma-related medication and outpatient care. These findings suggest opportunities to improve asthma control. Further understanding of asthma-related absenteeism, including extended and repeated absence, could establish how to most effectively use absenteeism information as a health status indicator.
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